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Electrical catheter ablation of arrhythmogenic sites is
now being used for the treatment of ventricular tachy-
cardias. However, the extent and type of the ablation
lesion in relation to energy level are controversial and
not well known. In 10 beagles, single cathodal shocks of
30 (4 dogs), 80 (2 dogs) or 250 J (4 dogs) were delivered
to the endocardial ventricular wall (5 dogs left ventric-
ular, 5 dogs right ventricular). One week after ablation
the dogs were killed for histopathologic examination. In
the left ventricular wall, ablation lesion volumes calcu-
lated from measured extensions in three perpendicular
directions were 0.4 and 0.9 cc at 30 J, 1.9 cc at 80 J and
2.8 and 3.4 cc at 250 J; in the right ventricular wall they
Conventional drug treatment of recurrent sustained ventric-
ular tachycardias may be disappointing, especially in pa-
tients who experience tachycardias after myocardial infarc-
tion and aneurysm formation (I), Many of these patients
have undergone successful surgical treatment by excision
or isolation of the arrhythmogenic site (2-4), cryosurgical
procedures (5,6) or implantation of an automatic defibril-
lator (7,8). However, the surgical approach with thoracot-
omy and, generally, cardiopulmonary bypass is a major
undertaking and ventriculotomy has a significant perioper-
ative mortality, particularly in patients with poor left ven-
tricular function.
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were 0.4 and 0.5 cc at 30 J, 1.3 cc at 80 J and 2.5 and
4.2 cc at 250 J. In the right ventricular wall all 30 to
250 J lesions were transmural, whereas in the left ven-
tricular wall only 250 J lesions were transmural. All
lesions showed a necrotic area surrounded by granula-
tion tissue with degenerated myofibrils.
Thus, the size of the ablation lesion depends on de-
livered energy, whereas the pattern of histopathologic
change is identical in the 30 to 250J energy range. These
results suggest that with accurate localization of the ar-
rhythmogenic site one low energy shock may be suc-
cessful with less myocardial damage.
(J Am Coll CardioI1986;8:637-43)
Recently, closed chest electrical endocardial catheter
ablation of the atrioventricular junction was successfully
performed in many patients with medically refractory supra-
ventricular tachyarrhythmias (9-11). Very recently, elec-
trical catheter ablation was also used successfully for abla-
tion of arrhythmogenic sites in some patients with ventricular
tachycardias (12-17).
Studies in dogs demonstrated that electrical energies in
the same range as those clinically used result in myocardial
necrosis (18-21). Therefore, the use of high energy and
multiple shocks might have a deleterious effect on ventric-
ular hemodynamic function. If electrical catheter ablation
could be performed without extensive necrosis, this tech-
nique would be attractive in patients with subendocardially
localized arrhythmogenic sites and in those with a high risk
for surgical treatment. In this report the relation between
delivered energy and extent and type of histopathologic
changes is described.
Methods
Electrical catheter ablation. Ten beagles weighing 14
to 17 kg were anesthetized with methadon: droperidol
(20.0:25.0 mg, intravenously). The dogs were placed on
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their left or right side for delivery of the electrical shock to
either the left or right ventricular wall. After endotrachial
intubation, ventilation was maintained by a Bird respirator
(N20 :02 = I: 1). Anesthesia was maintained by a methadon:
droperidol mixture.
Under sterile technique, a new standard 6F USCI bipolar
electrode catheter was introduced in either the left femoral
artery or vein and advanced to the left or right ventricular
cavity under fluoroscopic guidance. The electrode catheter
tip (distal electrode) was positioned against the inferior or
lateral ventricular wall. Surface standard electrocardio-
graphic leads I, II and III and a unipolar electrogram derived
from the distal electrode were recorded simultaneously on
paper using a multichannel Siemens ink-jet recorder. The
unipolar electrogram was recorded at a filter frequency of
0.15 to 1,000 Hz. Close contact between the distal electrode
and the endocardial ventricular wall was ensured by I) flu-
oroscopic inspection, 2) high rate of rise of the voltage
(dV/dt) of the unipolar ventricular signal in the electrogram
derived from this electrode, and 3) the appearance of ST
segment elevation in this electrogram.
Subsequently, the distal electrode was connected to the
cathodal output of a standard defibrillator (Datascope MlD2).
The characteristics of this device are: Capacity 40 JLF, value
Figure 1. External inspection after excision of the dog heart. A
visibly injured area is shown in the center of the picture. The
transmural lesion was created by a 250 J shock delivered to the
endocardium of the right ventricular wall.
of the inductor 36 MHz, internal resistance of the inductor
10 fl. The anodal sink of the defibrillator was connected to
a large external paddle covered with jelly. This was posi-
tioned against either the left or the right side of the shaved
Figure 2. A, Nontransmural lesion created by a 30 J shock de-
livered to the endocardium of the left ventricular wall. B, Non-
transmural lesion created by an 80 J shock delivered to the en-
docardium of the left ventricular wall. Macroscopically the lesion
consists of a dark center surrounded by a pale area (arrows).
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chest for a left or right ventricular shock. Because the dog
lay on its side , close contact exi sted between the paddle and
the chest. Onl y a single R wave-synchronized shock (Low n-
type monophasic 5 ms pulse) was deli vered , in five dogs to
the left and in five to the right ventricular wall . The delivered
energies were: 30 (4 dog s) , 80 (2 dogs) or 250 J (4 dogs) .
After the shock the catheter was removed and the dog re-
covered .
Pathologic examination. One week after ablat ion, the
dog was anesthetized again as described. After induction of
muscle relaxation with pancuronium bromide (0. 1 mg/kg ,
intra venously) the heart was exposed by way of a thora-
cotomy in the fifth intercostal space . After inspection of the
beating heart the dog was exsanguinated . Sub sequently , the
heart was exc ised and fixed in formalin.
The ablation lesion was externally identifiable by in-
spection or palpation. The ventricular wall was sectioned
through this lesion parallel to the base of the heart and
multiple sec tions parallel to the first sec tion and through the
lesion area were made in basal and apic al directions and
studied until absence of damaged tissue was demonstrated
histologically . Slices were sta ined with hematoxylin-eosin.
Extension of the lesion , alwa ys verified by histopathologic
examination , was measured in three directions : transmurally
parallel to the base of the heart (depth), perpendicular to
this direction and parallel to the base of the heart (width )
Figure 3. A, Transmural lesion in the right ventricular wall is
shown in the upper part of the picture. This was the result of an
80 J shock delivered to the right ventricular endocardium. B,
Extensive lesion created by a 250 J shock delivered to the endo-
cardium of the lateral right ventricular wall. In this section the
entire right ventricular wall and a large part of the interventricular
septum are visibly damaged (pale area, arrows) .
and parallel to the long axis of the heart (length). Con sid-
ering the morphology of the ablation lesion as a rotated
ellip soid , its volume can be calculated as 1/6 1T X depth x
width x length . Special attention was paid to the ext ension
of the lesion in a transmural direction .
Results
Extension of the ablation lesion. All dogs survived for
I week. Thereafter , external inspection of the beating heart
in situ was performed. All shocks delivered to the right
ventricular wall had produced a visibly injured dyskinetic
or akinetic area at the ablation site (Fig . I), whereas visible
changes and dyskinesia or akinesia after left ventricular
shocks were found only when 250 J had been deli vered .
Shocks with lower energy delivered to the left ventricular
wall resulted only in a palpable, less elastic mass.
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Figure 4. A, Histologic section through the center of an ablation
lesion. In the center of this figure extensive necrosis is visible
whereas, especially in the lower part, surrounding granulation
tissue is shown. B. Irregular boundary between viable myocardium
(left upper corner) and the granulation tissue of an ablation lesion.
C. A small island of granulation tissue embedded within viable
myocardium at some distance from the principal lesion. A to C.
Original magnification x 200, reduced by 30%.
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Table l. Delivered Energy to the Left or Right Ventricular
Wall and Volume and Transmural Extension of the Lesion
Delivered Lesion Transmural Extension
Site of Energy Volume as Percent of Wall
Dog Ablation (1) (cc) Thickness (o/c)
I LV 30 0.4 50
2 LV 30 0.9 75
3 LV 80 1.9 75
4 LV 250 2.8 100
5 LV 250 3.4 100
6 RV 30 0.4 100
7 RV 30 0.5 100
8 RV 80 1.3 100
9 RV 250 2.5 100
10 RV 250 4.2 100
LV = left ventricular wall; RV = right ventricular wall.
Sectioning of the ventricular wall through the ablation
lesion demonstrated that the extension of the visibly injured
area depended on the delivered energy. Figure 2 shows the
nontransmural ablation lesions resulting from 30 and 80 ]
delivered to the left ventricular wall. Only lesions produced
by delivery of 250] were transmural (wall thickness 1.0 to
1.5 cm). However, a single shock in the 30 to 250] energy
range (Fig. 3) delivered to the right ventricular wall always
produced a transmural lesion. The right ventricular wall
thickness was between 0.4 and 0.8 em. Lesion volumes and
the extension of the lesion in transmural direction (depth)
are summarized in Table I, which demonstrates that the
size of the lesion increases with the delivered energy of the
ablation shock.
Qualitative histopathologic examination. Each right
or left ventricular lesion showed a necrotic area surrounded
by granulation tissue with degenerated myofibrils (Fig. 4A).
In most dogs, the endocardium looked normal and was not
interrupted at the ablation site. Because these dogs survived
for I week, the endocardium was presumably already healed.
The endocardium was interrupted in one case in which an
intracavitary mural thrombus was found at the ablation site
in the right ventricular wall. The epicardium also was mor-
phologically normal, even in the case of a transmural lesion,
or it was already healed. Coronary arteries within the injured
area were remarkably spared. The border between lesion
and viable myocardium was irregularly shaped at all energy
levels (Fig. 4B). Small islands, consisting of granulation
tissue embedded within viable myocardium surrounding the
lesion, were observed (Fig. 4C). The pattern of histopath-
ologic changes was identical in the 30 to 250 ] energy range.
Complications. Immediately after the shock, a sustained
ventricular tachycardia (duration 2::30 s) was recorded in
each dog. On two occasions the tachycardia deteriorated
into ventricular fibrillation within the first minutes after the
shock, requiring defibrillation. The tachycardia in the other
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dogs terminated spontaneously after a mean duration of 6
minutes (range I to 13). The mean cycle length of these
tachycardias was 325 ms (range 300 to 340) . No signs of
peripheral embolization were observed. However, the abla-
tion lesion can be thrombogenic, as was demonstrated in
one dog after right ventricular ablation at 250 J. Almost
half of the right ventricular cavity was filled with the mural
thrombus attached to the ventricular wall at the ablation site .
Discussion
Relation between delivered energy and extent of the
ablation lesion. In this study a correlation was demon-
strated between delivered electrical energy and extent of
histopathologically changed tissue . Kempf et al.(19) and
Lee et al.(20) also reported a correlation between energy
dose and the resulting lesion exten sion.
Our results appear to be in contra st to the findings of
Lerman et al.(18), who reported no significant difference
in the amount of necrotic tissue between dogs receiving a
single shock at 100 J or more and those receiving a 50 J
shock . Several factors may contribute to this discrepancy .
In the study performed by Lerman et al . . 9 of 21 dogs died
within 48 hours after the shock, wherea s the others survived
for 48 to 192 hours. Lesion exten sion measurements. how-
ever . depend on the elapsed time between the shock and
the moment of death. This was demon strated by a recently
performed additional experiment in two dogs receiving a
single 250 J shock followed by a I month survival period .
The ablation lesion consisted of fibrotic tissue . Necrosis
could not be demonstrated at this stage. Calculated lesion
volumes were 1.9 and 1.3 cc and thus appeared to be smaller
than those of the lesions produced with similar energy but
studied after 1 week. It is very likely that the diminution
of the lesion is due to progressive contraction of collagen
fibers so well known from other healing processes. We
studied our dogs after a similar survival period (1 week)
after the shock to avoid this potential problem.
Other factors determining the size of the ablation
lesion. Because the conductivity of electric current is higher
in the blood-filled ventricular cavity than in the ventricular
wall . another presumably important factor that determines
the size of the lesion is the contact between the electrode
and the endocardium. In our study a close contact was
ensured not only by fluoroscopic inspection but also by the
high dV/dt of the unipolar ventricular signal derived from
this electrode and by the appearance of ST segment elevation
in the same electrogram.
A third factor may be the ablation site and the position
of the anodal sink relative to this location . In the study
performed by Lerman et al. (18) the catheter-electrode po-
sition in the left ventricular cavity varied among anterior,
septal, lateral and posterior endocardial sites, whereas the
anodal sink always remained in a fixed position between
the spine and the left scapula. At variance with this approach
we always positioned the electrode catheter tip against the
inferior or lateral ventricular wall , The anodal external pad-
dle was positioned again st the left side of the chest in case
of left ventricular ablation and again st the right side for a
right ventricular shock . In this way only one myocardial
layer was situated between cathode and anode .
In addition, the ablation lesion depends on the capability
of the electrode catheter to withstand high voltage and cur-
rent . In a previous unpublished experiment the distal as well
as the proximal electrode surface were damaged after several
cathodal shocks, demonstrating the problem of current arc-
ing inside the catheter. This arcing resulted in two separate
ablation lesions corresponding to both electrodes. To di-
minish this problem, a new catheter was used in the de-
scribed experiments and visible signs of arcing were not
found.
Transmural versus nontransmural lesions. In accord -
ance with our findings, Kempf et al.( 19) reported transmural
extension of a left ventricular lesion resulting from a single
200 or 300 J shock , whereas lower energies produced non-
transmural lesions only. In contrast to these observations,
Lerman et al. (18) demon strated only nontransmuralleft ven-
tricular lesions, independent of delivered energ y (up to 200
J). This may be due to the fact that in their study larger
dogs were used. In contrast to our findings after left ven-
tricular ablation , our study demonstrated that a shock de-
livered to the thin right ventricular wall always resulted in
a transmural lesion in the 30 to 250 J energy range. Because
at an identical energy dose left and right ventricular shock s
created a similar lesion volume , the subendocardial dam-
aged area (width and length of the lesion) was relatively
large with a shock delivered to the thin right ventricular
wall. This may have clinical importance because the thick-
ness of the left and right ventricular walls in our dogs is
similar to that of humans.
Pattern of histopathologic change. Our observations
are similar to those of other authors (18-21). Looking at
lesions produced with 30 J, only very small necrotic tissue
areas were found embedded in a relatively large amount of
granulation tissue. In these small lesions nearly all the orig-
inal necrotic tissue had been replaced by fibrosis within I
week. Higher energies usually resulted in more necrosis
relative to granulation tissue. However, in the two additional
dogs that survived for I month after a single 250 J shock,
the entire lesion was fibrotic . This would be the expected
ultimate appearance of all ablation lesions irrespective of
delivered energy. All lesions showed a very irregular border
zone surrounded by small islands of granulation tissue
embedded within viable myocardium. This inhomogeneity
may playa role in late arrhythmogenesis but this remain s
to be demonstrated.
Complications. Most investigators (18,20,21) have re-
ported serious ventricular tachycardias after ventricular elec-
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trical catheter ablation in dogs. We made similar observa-
tions. The ablations were followed by sustained ventricular
tachycardias, on two occasions deteriorating into ventricular
fibrillation within the first minutes after the shock. In con-
trast to the study of Westveer et al. (21), we could easily
defibrillate the heart of these two animals, and sudden death
at a later stage, as described by Lerman et al. (18), never
occurred in our study. Excluding early ventricular fibrilla-
tion requiring defibrillation, these ventricular tachyarrhyth-
mias terminated spontaneously and the dogs were not treated
with antiarrhythmic drugs. The observed mural thrombus
in one of our dogs was another serious complication, as
reported previously (20,21). Perforation or pseudoaneurysm
formation never occurred.
Clinical implications. We have to be cautious when
experimental animal studies are used as a model to predict
the outcome in human beings. Very recently, we studied
the right ventricular ablation lesion in a young woman with
primary electrical heart disease. Catheter ablation therapy
for ventricular tachycardia failed and was followed by a
cryosurgical procedure 3 months later. A dyskinetic trans-
mural ablation lesion with a diameter of 2 cm was clearly
visible during surgery and looked similar to the lesions
created in the dogs. Some tissue of the lesion was resected.
Histologic examination showed only fibrotic tissue similar
to that found in the dogs that survived for 1 month. These
observations suggest that the ablation lesion is qualitatively
identical in dogs and in human beings. Also, the extent of
the lesion was not quite different in this patient without
structural heart disease. In patients with subendocardial fi-
brosis due to myocardial infarction or other organic heart
disease, the extent of new damage may be less. However,
since the arrhythmogenic site in patients with myocardial
infarction is usually localized at the border zone, damage
to the viable myocardium surrounding the scar tissue is
possible, particularly with higher energy.
Conclusion. Ventricular electrical catheter ablation of
arrhythmogenic sites is a promising new therapy in patients
with ventricular tachycardia, although we must be aware of
the possible occurrence of arrhythmogenic and thrombo-
genic properties of the ablation lesion. Some authors have
reported successful ablation using multiple high energy shocks.
However, the extensive lesion resulting from a 250 J shock
in our experimental study suggests that this may be haz-
ardous in patients with poor left ventricular function. In
addition, since a shock delivered to the thin right ventricular
wall created a transmural lesion even at 30 J and a relatively
large damaged area (width and length of the lesion), this
wall may be unnecessarily threatened by perforation when
multiple high energy shocks are used. We demonstrated that
the size of the ablation lesion depends on delivered energy,
whereas the pattern of histopathologic change is identical
in the 30 to 250 J energy range. These results suggest that
with accurate localization of an arrhythmogenic site one low
energy shock may be successful with less myocardial
damage.
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